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(57)Abstract: 

PROBLEM TO BE SOLVED: To manufacture an FET by 
using a metal oxide semiconductor. 
SOLUTION: A gate insulating film 32 of Si02 is formed 
on an Si substrate 31. Zn(OAc)2.4H20 is suspended in 
isopropanol and the gate insulating film 32 is coated with 
this suspension. A channel layer 33 of ZnO is formed by 
thermal treatment and a source electrode 34 and a drain 
electrode 35 are formed thereon. 
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(57) [Abstract] 

[Technical problem] FET is produced using a metal oxide semiconductor. 
[Means for Solution] It is Si02 on the Si substrate 31. Membranous gate 
dielectric film 32 is formed, after suspending Zn(OAc) 2 and 4H2 0 in 
isopropanol and coating this on gate dielectric film 32, the channel 
layer 33 which heat-treats and consists of ZnO is formed, and the source 
electrode 34 and the drain electrode 35 are formed on it. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture approach of the metallic-oxide transistor 
characterized by forming gate dielectric film on a substrate, making n 
form or p form metal oxide semiconductor thin film with a solution 



method, forming a channel layer on the gate dielectric film, and forming 
a source electrode and a drain electrode on the channel layer. 
[Claim 2] Formation of the channel layer by the above-mentioned solution 
method is the manufacture approach of the metallic-oxide transistor 
according to claim 1 characterized by forming the above-mentioned metal 
oxide layer at comparatively low temperature in the range in which the 
above-mentioned metallic oxide can deposit, oxidizing the above- 
mentioned metallic oxide at temperature higher than the above-mentioned 
temperature after that, and obtaining the above-mentioned metal oxide 
semiconductor thin film. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the approach of 
manufacturing the field effect transistor of metal-insulator layer-semi- 
conductor structure using a metal oxide semiconductor. 
[0002] 

[Description of the Prior Art] As for the conventional transistor, what 
single crystal silicon is made to diffuse an impurity, and is made to 
carry out vapor growth, or is made to carry out vapor growth of the 
compound semiconductor, and forms and manufactures p-n junction is in 
use. Processing of exhaust gas took a big facility and processing costs 
in these cases, on the other hand ~ sol-gel (Sol-Gel) ~ it is possible 
for there to be no problem of offgas treatment, if a metal oxide 
semiconductor is produced with the solution method represented by law, 
and to make cheaply with a comparatively easy facility. However, 
generally, since mobility was low, the oxide semiconductor had the fault 



which is hard to treat as compared with Si, germanium, and a compound 
semiconductor. Moreover, although the thin film produced by the sol-gel 
method is porous in many cases and to use the adsorption reaction on the 
front face of the film like a gas sensor is tried, most electrical 
conduction phenomena of the thickness direction are not used. 
[0003] For example, it is possible to form n form metal oxide layers 12, 
such as NiO, on a substrate 11, as shown in drawing 5 , to form p form 
metal oxide layers 13, such as TiO, with a solution method on it, to 
form n form metal oxide layers 14, such as NiO, with a solution method 
on it further, and to constitute a junction transistor. However,' since 
about 600-800-degree C heating at high temperature is needed for every 
formation of each metal oxide layer. In case p form metal oxide layer 13 
is formed, the multiple oxide film 15 of both layers is generated by the 
boundary of n form metal oxide layer 12 under it. and p form metal oxide 
layer 13. Moreover, in case n form metal oxide layer 14 is formed, the 
multiple oxide film 15 which the multiple oxide film 16 of both layers 
was generated by the boundary of the n form metal oxide layer 14 and p 
form metal oxide layer 13, and was moreover previously formed in it 
grows, and the thickness becomes thick. It is difficult for especially 
15 to be unable to become this multiple oxide film and a perfect 
insulating material, and to be able to move neither in an electron nor 
an electron hole, but to make it act as a transistor. 
[0004] or the channel layer 17 which consists of an n form metal 
oxidizing zone like NiO on a silicon substrate 11 as shown in drawing 6 
— a solution method — forming — the part on the channel layer 17 — 
Si02 etc. — forming gate dielectric film 18 with a solution method, 
forming the source electrode 21 and the drain electrode 22 for the gate 
electrode 19 on the channel layer 17 in the both sides of gate 
dielectric film 18 on gate dielectric film 18, and constituting the 
field effect transistor of M-I-S structure is also considered. In this 
case, in order not to heat to an elevated temperature after formation of 
gate' dielectric film 18, the multiple oxide film produced on the 
boundary of the channel layer 17 and gate dielectric film 18 will not 
become so thick. However, on the channel layer 17, when making gate 
dielectric film 18 with a solution method, it was difficult to make a 
good insulating thing. 
[0005] 

[Problem (s) to be Solved by the Invention] Although the manufacturing 
facility could make the comparatively easy semiconductor device when 
producing the metal oxide semiconductor with the solution method as 
stated above, it was difficult to make a transistor in the former. 



[0006] 

[Means for Solving the Problem] According to this invention, gate 
dielectric film is formed on a substrate, on that gate dielectric film, 
n form or p form metal oxide semiconductor thin film is made with a 
solution method, a channel layer is formed, and a source electrode and a 
drain electrode are formed on that channel layer. After formation of the 
channel layer by the above-mentioned solution method deposits a metallic 
oxide at comparatively low temperature, it is desirable to oxidize the 
metallic oxide which deposited at temperature higher than the 
temperature, and to obtain a metal oxide semiconductor thin film. 
[0007] 

[Embodiment of the Invention] The example of this invention is shown in 
drawing 1 . The substrate 31 of single crystal silicon (n form, 1.4x10- 
2ohmcm) is prepared first, for example (100), and gate dielectric film 
32 is formed on the substrate 31. This gate dielectric film 32 oxidizes 
a substrate 31 thermally, and is Si02. The film can be formed and made. 
Or it is Si02 by sputtering. The film may be formed. Thickness of gate 
dielectric film 32 is set to 130nm. 

[0008] The metal oxide semiconductor thin film of n form or p form is 
formed with a solution method on this gate dielectric film 32, and it 
considers as the channel layer 33 ( drawing 1 B), for example, this is 
suspended in isopropanol (a kind of alcohol), using Zn(OAc) 2 and 4H2 0 
as an organic metal liquid — making — Zn — receiving — the 
diethanolamine of equimolar — as a hydrolysis retardant — adding — 
dissolving — further — the water of 2 double mol is added and the 
solution of 0.4 mol/1 is adjusted. This solution is coated on gate 
dielectric film 32 with a DIP coating method or a spray method, and a 
spin coating method. In the case of DIP coating, if a substrate 31 is 
pulled up at the raising rate for 6cm/out of a solution, the 20nm ZnO 
film will be formed by one coating, but coating is performed so that the 
thickness of ZnO, i. e. , the thickness of the channel layer 33, may be 
set to 40nm, for example, and it heat-treats in air or an oxygen ambient 
atmosphere at the temperature of 600 degrees C - 900 degrees C after 
that, and forms, the film 33, i.e., the channel layer, of ZnO. 
[0009] Next, as shown in drawing 1 C, on the channel layer 33, by the 
metal membrane, the source electrode 34 and the drain electrode 35 are 
formed, and a field effect transistor (FET) is obtained. The gate 
electrode 36 is formed in the gate dielectric film 32 and the opposite 
side of a substrate 31 if needed. It is good also considering substrate 
31 the very thing as a gate electrode, electrodes 34, 35, and 36 — for 
example, vacuum evaporationo of Au — or it forms with the solution 



method of transparent electrode material, such as ITO (an indium, 
stannic-acid-ized film). 

[0010] The thickness of gate dielectric film 32 has good 500nm or less 
from the point that channel control is certainly performed from the 
point that a compound oxide film is generated by the boundary of gate 
dielectric film 32 and the channel layer 33 although about lOOnm or more 
is desirable. In order to form a channel in contact with the gate 
dielectric film 32 of the channel layer 33 and for a current to flow 
through this channel between the source electrode 34 and the drain 
electrode 35, a current will flow in the thickness direction of the 
channel layer 33, and a current will flow from an electrode from a 
channel to an electrode to a channel again. If thickness of the channel 
layer 33 is set to about lOOnm or more from this point, an electronic 
depletion layer will be made and a current will stop being able to flow 
easily. Moreover, when it is made about lOnm or less, there is a 
possibility that the actuation as a channel may stop carrying out good. 
The thickness of these points to the channel layer 33 has good about 10- 
lOOnm. 

[0011] When temperature of the heat-treatment at the time of formation 
of the channel layer 33 is made into 600 degrees C or less, it is ZnO 
and Si02 to the boundary of gate dielectric film 32 and the channel 
layer 33. Multiple oxide film Zn2 Si04 Since it is not generated enough, 
the gate current by which the adhesion of gate dielectric film 32 and 
the channel layer 33 passes along gate dielectric film 32 bad again 
increases, that is, insulation is bad and good transistor 
characteristics become difficult to get. Therefore, heat-treatment 
temperature is made into 600 degrees C or more. On the other hand, when 
heat-treatment temperature is made into 900 degrees C or more, it is 
multiple oxide film Zn2 Si04. Thickness becomes thick, the thickness of 
ZnO (channel layer 33) becomes thin too much, between the source 
electrode 34 and the drain electrode 35, a current stops being able to 
flow easily and transistor characteristics are no longer acquired. 
Oxidation-treatment temperature is made into 900 degrees C or less from 
this point. 

[0012] In the DIP solution of 0.4 mol/1 made using said Zn(OAc) 2 and 
4H2 0, DIP coating was carried out twice and the line produced FET for 
heat-treatment 60 minute each, respectively at 600 degrees C, 700 
degrees C, 800 degrees C, and 900 degrees C. Heat-treatment is 
performing DIP coating once, performing heat-treatment for 30 minutes ai 
600 degrees C after desiccation, performing DIP coating once again, and 
performing heat-treatment for 30 minutes at 600 degrees C after 



desiccation at 600 degrees C here. Each heat-treatment at 700 degrees C, 
800 degrees C, and 900 degrees C performed heat-treatment for 30 minutes 
each twice similarly. Thus, the X diffraction pattern of produced FET is 
shown in drawing 2 . At 600 degrees C with the low temperature of heat- 
treatment, it is Zn2 Si04. Although the based peak cannot be checked, 
the peak based on ZnO is checked, heat-treatment temperature becomes 
high ~ alike — following ~ Zn2 Si04 the peak conversely based on 
[ can check the based peak now and ] ZnO ~ small — becoming — 900 
degrees C ~ Zn2 Si04 the based peak — ****** ~ the peak conversely 
based on [ appear greatly and ] ZnO ~ ****** it became small and the 
peak based on ZnO (100) is lost mostly. 

[0013] Although heat-treatment deposits ZnO from these experimental 
results, it is Zn2 Si04. After performing the low temperature which does 
not produce generation, i. e. , heating by 600 degrees C, depositing ZnO 
and making it crystallize, heat-treat at 900 degrees C and crystallized 
ZnO is made to react with Si02 (gate dielectric film), and it is Zn2 
Si04. It generated thinly. Sum total time amount of both heat-treatment 
was made into 60 minutes. The X diffraction pattern of the sample in 
this case became smaller than it when the temperature of the peak based 
on Zn2 Si04 heat-treats only at 900 degrees C. Furthermore, the place, 
and ZnO and Zn2 Si04 which observed the cross section with the 
transmission electron microscope A clear interface can be observed and 
they are Si02 and Zn2 Si04. And each thickness of ZnO was 115.40 and 
45nm, respectively. Zn2 Si04 Si02 As for the interface, it was also 
checked very much that it is what has good adhesion. 
[0014] It is understood that the technique to which the above thing to 
heat-treatment makes the semi-conductor which heated and carried out 
deposit crystallization at temperature higher than this after heating at 
the oxide-semiconductor crystal and gate dielectric film, and the 
temperature which does not react and carrying out deposit 
crystallization of the oxide semiconductor, although the oxide- 
semiconductor crystal deposited, and gate dielectric film react is 
desirable. The property over the gate voltage of the drain current and 
gate current of ZnO-FET which performed heat-treatment for a total of 35 
minutes of 600-degree-C each heat-treatment for 10 minutes, and 900- 
degree-C heat-treatment for 15 minutes by DIP coating twice, and was 
produced was measured. A continuous line and a broken line show the 
result to drawing 3 , respectively. There is little leakage (gate 
current) by the gate electrode from this drawing, and it is understood 
that transistor characteristics are acquired. 

[0015] **** -- setting ~ as a substrate 31 ~ quartz glass and aluminum 




203 etc. — other ingredients are sufficient. Moreover, SiN4, SiON, etc. 
may be used as gate dielectric film 32. furthermore - as the channel 
layer 33 - not only ZnO but Ti02, BaO. TiBaO, etc. - you may use - 
moreover, not only n form metal oxide semiconductor but NiO and Cu02. 
and Co 203 etc. — p form metal oxide semiconductor may be used. In 
addition, as shown in drawing 1 D, by cutting or chemical etching, a 
substrate 31 is shaved for gate dielectric film 32 and the opposite side, 
and it carries out to below extent to which 0. 05mm or less, i. e. , the 
light, penetrates the thickness of a substrate 31, all are removed 
depending on the case, transparent electrodes (gate electrode), such as 
ITO, are attached to gate dielectric film 32, and it can make it 
possible to use it as a liquid crystal drive transistor. That is. it can 
also be referred to as transparent FET. Moreover, as shown in drawing 4 , 
it is desirable to form an insulator layer with a solution method on a 
channel layer membrane at least so that the leak current which forms the 
insulator layers 37, such as silicon oxide and ferroelectric barium 
titanate, and flows a channel layer front face may be reduced so that it 
may lap with these periphery sections in part on the forming face of the 
source electrode 34 and the drain electrode 35 to drawing 1 C. 
[0016] 

[Effect of the Invention] As stated above, FET which used the metal 
oxide semiconductor as the channel layer by forming a channel layer with 
a solution method according to this invention can be produced, and big 
facilities, such as off gas treatment, are not needed, but it can 
manufacture with a comparatively easy facility. 
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[Brief Description of the Drawings] 

[Drawing 1] The sectional view for explaining the production process of 
the example of this invention. 

[Drawing 2] Drawing showing the X diffraction pattern of ZnO-FET 
produced at various heat-treatment temperature. 

[Drawing 3] Drawing showing the transistor characteristics of ZnO-PET 
made by this invention approach. 

[Drawing 4] The sectional view showing the example of the transistor 
made by this invention approach. 

[Drawing 5] The sectional view showing the junction type metal oxide 
semiconductor transistor considered with the conventional technique. 
[Drawing 6] The sectional view showing the metal oxide semiconductor FET 
considered with the conventional technique. 



[Translation done.] 
* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may 
not reflect the original precisely. 

2. **** shows the word which can not be translated. 

3. In the drawings, any words are not translated. 



DRAWINGS 




•31 




[Drawing 3] 



[xio-n 

2.0 




(A) 



1.0 



-10 -5 0 



10 
B3 



[Drawing 4] 

„ 34 37 35 




/33 
-32 



-^31 




13 mm 

12 n^B 



[Drawing 6] 

S G D 

21 19 18 22 




[Translation done. ] 



